Objectives/Hypothesis: To identify patient factors associated with outcomes in critically ill obese patients requiring tracheotomy.
INTRODUCTION
The obesity epidemic in the United States has been the subject of much discussion over the past 2 decades.
Obesity and morbid obesity are defined as having body mass index (BMI) >30.0 kg/m 2 and 40.0 kg/m 2 , respectively. 1 Given that more than one-third of US adults are obese, physicians must be aware of the health consequences of obesity, including an increased prevalence of comorbid medical illnesses such as hypertension, diabetes, pulmonary hypertension, and heart disease. 2, 3 Moreover, patients who are significantly obese are at increased risk of death compared to normal-weight individuals. 4 Given the current trends, the negative health effects of obesity could even overshadow declining smoking rates to lower life expectancy in the United States. 5 Hospitalized obese patients present additional concerns, as the need for admission to the intensive care unit (ICU), mechanical ventilation, and tracheotomy is increasingly associated with higher BMI. 6 Furthermore, management of the airway can be a significant challenge in these patients due to altered anatomy and a high prevalence of obstructive sleep apnea and obesity hypoventilation syndrome. 1, 7 When obese patients require prolonged mechanical ventilation, tracheotomy can be challenging for the surgeon due to increased subcutaneous and submental fat. Due to these anatomical changes, postoperative accidental decannulation is a potentially deadly complication.
Previous studies of tracheotomy in obese and morbidly obese patients have demonstrated that critically ill obese patients have longer ICU stays and a higher rate of postoperative tracheostomy complications, including death. [8] [9] [10] [11] Adverse outcomes have been attributed to decreased baseline pulmonary function with lower lung volumes and decreased compliance. 12 Although studies have examined post-tracheotomy complications in obese patients, there is a lack of data examining patient factors associated with adverse outcomes. Identification of these factors would improve the physician's ability to counsel patients and family members. The primary goal of this study was to identify patient factors associated with outcomes in critically ill obese patients requiring tracheotomy.
MATERIALS AND METHODS
After approval by the institutional review board, a retrospective chart review was performed of all inpatients admitted to an ICU at a single tertiary institution from 2007 to 2010 with International Classification of Diseases, 9th Revision codes for obesity or morbid obesity and tracheotomy. Patients with a principal diagnosis of malignancy or whose tracheotomies were performed at an outside facility were excluded. Variables collected in the dataset include subject age, ethnicity, gender, BMI (both continuous and dichotomized by BMI <40 vs. BMI 40), tracheotomy type (open vs. percutaneous), patient outcome (tracheostomy dependence, decannulation, or death), chief diagnosis (neurologic, traumatic, or other), presence of congestive heart failure, diabetes, hypertension, heart disease, pulmonary hypertension, lung disease, obstructive sleep apnea (OSA), and chronic renal insufficiency (CRI).
The primary outcomes of interest were tracheotomy type and patient outcome. v 2 test and Fisher exact test (when appropriate) were used to test for associations between these primary outcomes and all dichotomous variables. Normality for all continuous variables was examined using the Shapiro-Wilk test. Associations between the primary outcomes and continuous variables were examined using t tests or the Mann-Whitney U and Kruskal-Wallis tests (where appropriate). Multiple logistic regression models were developed for the probability of each patient outcome. Explanatory variables with a P value <.20 in univariate logistic regression models were considered as candidates for multivariate modeling. All P values reported in the multivariate models were two sided, and the type I error rate was set at 0.05. All statistical analyses were conducted in SAS version 9.2 (SAS Institute Inc., Cary, NC).
RESULTS
One hundred two patients meeting study criteria were identified. All tracheotomies were performed by surgical services, including otolaryngologists, general surgeons, and neurosurgeons. Tracheotomy was offered to patients if prolonged mechanical ventilation was anticipated (>10-14 days), if upper airway obstruction was significant, or for pulmonary toilet. 13 The study population was predominantly female (56.9%) and African American (54.9%). The mean age of study participants was 52.8 6 15.9 years, and the median BMI was 41.95. The average length of stay was 42.1 6 26.9 days. Seventy-four percent of participants had open tracheotomies, 26% had percutaneous tracheotomies, and two participants were missing information on tracheotomy type. The most common outcome was tracheostomy dependence (49%), with decannulation in 35.3% and death in 15.7% of participants. The study population characteristics are reported in Table I . Three patients had minor bleeding that was conservatively managed, four had episodes of accidental decannulation, two patients had false passages made during the procedure, and the airway was temporarily lost during percutaneous tracheotomy in one patient. No deaths occurred during tracheotomy or due to accidental decannulation, tube occlusion, or bleeding from the surgical site.
Tracheotomy Type
Tracheotomy type was significantly associated with chief diagnosis (P 5.001). Subjects with a nontrauma and non-neurological diagnosis had 2.7 times the odds of open tracheotomy relative to subjects with trauma 
Patient Outcome
Patient outcome was found to be significantly associated with ethnicity, tracheotomy type, congestive heart failure, pulmonary hypertension, or OSA. However, patient outcome was not associated with age, BMI, gender, diabetes status, hypertension, heart disease, lung disease, or CRI. Significant univariate associations with each outcome and the final multivariable models are shown in Table II .
Death. In univariate and multivariate models, death was significantly associated with pulmonary hypertension and ethnicity. Subjects who had pulmonary hypertension had 12.5 times the odds of death relative to subjects without pulmonary hypertension controlling for ethnicity and tracheotomy type (P 5.019, 95% CI: 1.50-90.9). African Americans had 4.31 times the odds of death relative to Caucasians controlling for tracheotomy type and pulmonary hypertension status (P 5.045, 95% CI: 1.03-17.9). Occurrence of death was not associated with age, BMI, gender, diagnosis, congestive heart failure, hypertension, diabetes, heart disease, lung disease, OSA, or CRI in univariate or multivariate logistic regression models.
Dependence. In univariate models, dependence was found to be associated with tracheotomy type, OSA, and chief diagnosis. Subjects who had open tracheotomies, OSA, or a neurological versus trauma diagnosis had significantly higher odds of dependence. The final logistic regression model included tracheotomy type, OSA, and diagnosis, although only OSA was significant. Subjects with OSA had 3.1 times the odds of dependence relative to subjects without OSA controlling for tracheotomy type and diagnosis (P 5.030, 95% CI: 5 1.12-8.33).
Decannulation. In univariate models, decannulation was significantly associated with tracheotomy type, ethnicity, chief diagnosis, congestive heart failure, and OSA. Subjects who had open tracheotomies, neurological diagnosis, congestive heart failure, OSA, BMI >40, or were African American had significantly lower odds of decannulation. The final multivariate logistic regression model included tracheotomy type and ethnicity. Subjects who had a percutaneous tracheotomy had 3.45 times the odds of decannulation relative to subjects who had open tracheotomies controlling for ethnicity (P 5.016, 95% CI: 5 1.25-9.09). Caucasians had five times the odds of decannulation relative to African Americans after controlling for tracheotomy type (P <.001, 95% CI: 1.92-12.5).
DISCUSSION
Tracheotomy is one of the most common procedures performed in the ICU, and requires rigorous postoperative care and thorough patient and family education to minimize the chances of postoperative morbidity and mortality.
14 Patients who undergo the procedure can often be decannulated after the acute illness is treated, either as an inpatient or an outpatient, but some patients may require the tracheostomy for a prolonged period of time. The most common outcome in our study was dependence at the time of hospital discharge, in nearly half of the patients. As many patients were discharged to long-term care facilities and/or lost to followup, we were unable to determine how many of these patients were decannulated at a later time.
Harris and colleagues 3 demonstrated a posttracheotomy 30-day mortality rate of 29% in obese subjects with a BMI >35, although a statistically significant association was not shown between BMI and mortality rate. In our study, the mortality rate was less than reported in the literature; this may reflect the lack of follow-up after transfer to an outside facility or discharge. None of the mortalities in this study resulted from accidental decannulation as an inpatient, but this is a feared, potentially deadly complication as an outpatient as well.
In this study, African American ethnicity was associated with a lower rate of decannulation and an increased rate of death. This correlation may represent a lack of health care access that causes these patients to have increased and unknown comorbidities, although our analysis attempts to control for these. Another possibility is that African American patients' comorbidities were poorly controlled as outpatients compared to Caucasians; unfortunately, outpatient medical records were unavailable or incomplete for most patients.
Patients with pulmonary hypertension had a higher rate of death compared to patients without pulmonary hypertension; this association is not surprising but warrants further study. Obesity has been investigated as a possible risk factor for pulmonary hypertension based on the prevalence of OSA among obese patients and the causal relationship between OSA and pulmonary hypertension. 13 Congestive heart failure was associated with a lower rate of decannulation. Obesity has been shown to have a more direct association with heart failure through structural changes attributed to obesity-related cardiomyopathy and comorbid illnesses including hypertension and diabetes. 9 Taken together, the clinician may advise obese patients with underlying heart disease that they have poorer prognoses.
Subjects with OSA had lower rate of decannulation and higher rate of tracheostomy dependence, not an unexpected outcome given that tracheotomy is a treatment option for severe OSA. Patients with severe OSA may be less likely to meet decannulation criteria prior to discharge because their baseline pulmonary function deficit would cause lower oxygen saturation levels that would necessitate discharge with a tracheostomy tube. Similarly, patients with obesity hypoventilation syndrome may become habituated to improved oxygenation levels through their tracheostomy and would be intolerant to decannulation.
Open tracheotomy was associated with a lower rate of decannulation, which may represent selection bias against sicker or more obese patients that have other factors contributing to their worse outcomes. Additionally, at the institution where the study was performed, patients in the trauma intensive care unit and neurosurgical intensive care unit are more likely to undergo percutaneous tracheotomy than those in the medical intensive care unit due to service-related preferences.
Overall, the cohort had a low mortality but high rate of tracheostomy dependence. Although the operations were performed by several surgical services, when performed by the otolaryngology team, defatting tracheotomy, skin flaps, and Bjork flaps were sometimes used based on surgeon judgment when appropriate. Additionally, at the institution where the study was performed, a multidisciplinary tracheostomy care team is involved with all patients who undergo tracheotomy, which allows for standardization of postoperative care and education, as described in the American Academy of Otolaryngology-Head and Neck Surgery Clinical Consensus Statement on Tracheostomy Care. 14 We believe that it is especially important for a surgical service that is familiar with tracheostomy care, preferably the one who performed the operation, to be involved in the initial tube change. In addition to preparation with adequate lighting, assistance, and suction equipment, it may be advantageous to have airway exchange catheters, retractors, and other tracheotomy-related equipment available at the bedside for patients with difficult anatomy.
Limitations of this study include its retrospective nature and the lack of patient follow-up after discharge, preventing examination of long-term outcomes, and specifically long-term mortality. Variability in reporting of comorbidities may have also influenced the study; outside records or medical history from the patients and family members may have been incomplete or incorrect for some patients. Additionally, disease severity was not included in comorbidity analysis because this information was inconsistently reported in the medical record, but may have contributed to patient outcomes. Finally, there was lack of a control group of nonobese critically ill patients to use for study comparison.
CONCLUSION
Obese patients in the ICU who undergo tracheotomy have a high likelihood of remaining tracheostomy dependent at the time of discharge from the hospital. The factors most commonly found to be significantly associated with poor outcomes were open tracheotomy, African American ethnicity, OSA, and pulmonary hypertension. African American obese ICU patients have a lower rate of decannulation and an increased risk of death compared to Caucasian patients, which may represent decreased access to outpatient preventative health care. Long-term outpatient follow-up is needed to better counsel patients and family members. We recommend that extra care be taken with post-tracheotomy care and education in these patients, and that the recommendations outlined in the Academy of Otolaryngology-Head and Neck Surgery Clinical Consensus Statement on Tracheostomy Care be followed.
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